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We present a study of the central exclusive production (CEP) of meson pairs MM, at 
sufficiently high invariant mass that a perturbative QCD formalism is applicable. Within this 
framework, MM production proceeds via the gg -> MM hard scattering sub-process, which 
can be calculated within the hard exclusive formalism. We present explicit calculations for 
the gg ^ MM helicity amplitudes for different meson states and, using these, show results 
for meson pair CEP in the perturbative regime. 



Central exclusive production processes of the type 

PP{P) p + X + p{p) , (1) 



can significantly extend the physics programme at high energy hadron colliders ^2EIH_ Here X 
represents a system of invariant mass Mx, and the '+' signs denote the presence of large rapidity 
gaps. Such reactions provide a very promising way to investigate both QCD dynamics and new 
physics in hadron collisions^ 67891011 12^ providing an especially clean environment in which 
to measure the nature and quantum numbers (in particular, the spin and parity) of new states. 

These processes have been measured at the Tevatron by the CDF collaboration, who have 
published a search for 77 CEpH^lwith Et{'^) > 5 GeV, and many more candidate events have 
been observed!^ by lowering the -E't(7) threshold to ~2.5 GeV. This process (together with 
charmonium CEP, the observation of which was reported in^^, can serve as a 'sta ndard candle' 
reaction with which we can check the predictions for new physics CEP at the good 
quantitative theoretical understanding of the vr'^vr'' CEP background is therefore crucial, as one 
or both of the photons from vr" — )> 77 decay can mimic the 'prompt' photons from gg 77 
CEP. 
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Figure 1: (a) A typical diagram for the gg — > MM process, (b) Representative 'ladder' diagram, which contributes 

to the production of flavour-singlet mesons. 

As discussed inlSEEl^ observation of XcO CEP via two-body decay channels to light 
mesons is of special interest for both studying the dynamics of heavy quarkonia and for testing 
the QCD framework of CEP. However, in this case we may expect a sizeable background resulting 
from direct QCD meson pair production; such a non-resonant contribution should therefore be 
carefully evaluated. 

Studies of meson pair CEP would also present a new test of the perturbative formalism, with 
all its non-trivial ingredients, from the structure of the hard sub-processes to the incorporation 
of rescattering effects of the participating particles. Recall that in exclusive processes, the 
incoming gg state satisfies special selection rules in the limit of forward outgoing protons, namely 
it has Jz = 0, where Jz is the projection of the total gg angular momentum on the beam axis, 
and positive C and P parity. Hence only a subset of the helicity amplitudes for the gg ^ X 
sub-process contributes. The CEP mechanism therefore provides a unique possibility to test the 
polarization structure of the gg ^ X reaction. 

We will consider the gg — >• M M pro cess relevant to CEP within the 'hard exclusive' for- 
malism, which was used previouslyH^ISI calculate the related 77 — >• MM amplitudes. The 
leading order contributions to gg — > MM can be written in the form 

Mx\'is,0)= dxdy(j)Mix)(l)jYiy)Tx\'ix,y;s,e) . (2) 
Jo 

where s is the MM invariant mass. A, A' are the gluon helicities and 9 is the scattering angle in 
the gg cms frame. T\a' is the hard scattering amplitude for the parton level process gg QQqq, 
where each (massless) qq pair is collinear and has the appropriate colour, spin, and flavour 
content projected out to form the parent meson. (p{x) is the meson wavefunction, representing 
the probability amplitude of finding a valence parton in the meson carrying a longitudinal 
momentum fraction x of the meson's momentum. We can then calculate the relevant parton-level 
helicity amplitudes for the gg — t- MM process, for the production of scalar flavour- nonsinglet 
meson states (tttt, K~^K~ , K^K ). There are seven independent Feynman diagrams to compute- 
a representative diagram is given in Fig. [1] (a). An explicit calculation gives 

Tt,-" = T,T = , (3) 



T+- = T-+ = ^ (xjl - x) + y{l - y)) Nc ( o . _ 2C> 

Nc sxy{l - x){l -y) - 6^ cos^ 9 2 \ Nc 



(4) 



where A, B are colour indices and 

a = (1 — x)(l — y) + xy b = {1 — x){l — y) — xy . (5) 



We can see that the gg — )• MM amplitude for = gluons vanishes at LO for scalar 
flavour-nonsinglet mesons, which, recalling the = selection rule that strongly suppresses 



the CEP of non- J2 = states, will lead to a strong suppression (by ~ two orders of magnitude) 
in the CEP cross section. However it should be noted that any NNLO corrections or higher twist 
effects which allow a = contribution may cause the precise value of the cross section to be 
somewhat larger than the leading-order, leading-twist \Jz\ =2 estimate, although qualitatively 
the strong suppression will remain. An important consequence of this is that the vr'^Tr'^ QCD 
background to the 77 CEP process described above is predicted to be small. Some sample cross 
section plots for vrvr CEP and the production of other meson states are shown in Fig. [2l 

We can also see that the \Jz\ = 2 amplitude ([4]) vanishes for a particular value of cos^O. 
This vanishing of a Born amplitude for the radiation of massless gauge bosons, for a certain 
configuration of the final state particles is a known effect, usually labelled a 'radiation zero'^^. 
The position of the zero is determined by an interplay of both the internal (in the present case, 
colour) and space-time (the particle 4-momenta) variables, as can be seen in where the 
position of the zero depends on the choice of meson wavefunction, (j){x), through the variables 
a and 6, as well as on the QCD colour factors. However, it should again be noted that, as the 
\Jz\ =2 amplitude is strongly suppressed by the = selection rule, any NNLO or higher twist 
effects which allow a J2 = component to the cross section may give comparable contributions; 
it is therefore not clear that such a zero would in this case be seen clearly in the data. On the 
other hand, the destructive interference effects which lead to the zero in the \Jz\ =2 amplitude 
([4]) will tend to suppress the CEP rate. 

It is also possible for the qq forming the mesons to be connected by a quark line, via the 
process shown in Fig. [1] (b). These amplitudes will only give a non-zero contribution for the 
production of SU(3)ir flavour-singlet states, i.e. r/'r/' and, through r]-ri' mixing, rjrj and r]r]' 
production. The relevant amplitudes are given by 

++ — Nc sxy{l - x){l - y) {I - cos"^ ey ' ^' 

^lad. ^ ^lad. ^ S^'' 647r24 (l + 3cos^g) 
+" "+ Nc sxy{l-x){l-y)2{l-cos'^eY ^' 

for the production of scalar mesons. As the Jz = amplitudes do not vanish, we will expect rj'rj' 
CEP to be strongly enhanced relative to, for example, ttvt production, due to the Jz = selection 
rule which operates for CEP. In the case of rjr] production, the flavour singlet contribution will 
be suppressed by a factor sin^ 0p ~ 1/200, where 9p is the octet-singlet mixing ang which 
may therefore be comparable to the \Jz\ = 2 flavour-octet contribution. In fact, after an explicit 
calculation we find that the rjr] CEP cross section is expected, in the regions of phase space 
where the perturbative formalism is applicable, to be dominant over vrvr CEP. 

A further interesting possibility we should in general consider is a two-gluon Fock component 
\gg) to the ??(??') mesons, which can readily be included using the formalism outlined above. In 
particular, the relevant perturbative gg — )■ Ag amplitude can be calculated in the usual way 
and, as this does not vanish for Jz = initial-state gluons, we may expect it to enhance the 
ijij and ij'r]' CEP rates. This will depend sensitively on the size of the two-gluon wavefunction: 
therefore, by considering the CEP of rj{rj') pairs at sufficiently high invariant mass, it may be 
possible to extract some information about the relative importance of the leading-twist quark 
and gluon wavefunctions. 

Finally we have also calculated in the same way the amplitudes TxiX2 A3A4 ^'-'^ 9i^i)9i^2) 
V{X3)V{X4) process, where l^(l^) are spin-1 mesons; for the sake of brevity, these are given 
explicitly elsewhere^. We should also in general consider a 'non-perturbative' double-Pomeron- 
exchange picture for low values of the meson pair invariant mass, where we may not expect the 
perturbative framework described above to be applicable, see^ for some discussion of this, as 
well as of a secondary perturbative mechanism, where both the i-channel gluons exchanged in 



the standard CEP picture couple to quark lines. We find that this process, which represents the 
perturbative tail of the non-perturbative production mechanism, is a power correction to the 
standard CEP process, and will therefore be strongly suppressed at high values of the meson 
pair k±. We also note that the above gg MM helicity amplitudes can be considered within 
the MHV formalisml^U, which in some cases greatly simplifies the calculation - see^for details. 




Figure 2: da/dlnMx for meson transverse energy E± > 2 GeV, and cross section as a function of the cut i5cut 
on the meson E± at ^/s — 1.96 TeV for the CEP of meson pairs, calculated within the perturbative framework. 



To conclude, we have presented a study of the CEP of meson pairs in the perturbative 
regime, with the gg — >• MM subprocess helicity amplitudes calculated within the hard exclusive 
formalism. This is of relevance as a background to 77 CEP in the case of TrOyrO production, 
and to the CEP of heavy resonant states which decay to light meson pairs. Moreover, it is also 
a process which is important in its own right, allowing novel tests of the overall perturbative 
formalism as well as displaying various interesting theoretical properties. 
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